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Chrial salts of pantoprazole and the process of 
preparation thereof 

FieM nf the inv6n<;j()^T 

The present invention relates to an antiulcer drug, the laveno(-) and 
dextral(+) enantiomer salts of ( ± )5.difluroroethoxy-{[(3,4^imethoxy-2- 
pyridyl)meihyl]sulfmyl)-lH-benzimidazole, that is the S(-) potassium pantoprazole, 
S(-3 sodium pantoprazole, S(-) magnesium pantoprazole, S(-) calcium pantoprazole, 
S(-) zinc pantoprazole and R(+) potassium pantoprazole, R(+) sodium pantoprazole, 
R(+) magnesium pantoprazole, R(+) calcium pantoprazole. R(+) zinc pantoprazole, in 
other words, the present invention relates to the chiral salte of pantoprazole and a 
process for the preparation thereof. 

Prior art : 

The compound with the general name of pantoprazole has a chemical 
name as ( ± )5-difIuromethoxy-[[(3,4-dlmethoxy-2-pyridyl)methyl]suIfmyl].lH- 
benzimidazole, the neutral style and sodium sah thereof are described in EPO 166287 
pantoprazole is an inhibitor of H*, K^-ATP enzyme (proton pump), which ca^ 
effectively inhibit the secretion of gastric acid, and is used in the treatment of diseases 
related to gastric acid secrection disorder, such as gastric ulcer, duodenal ulcer, reflux 
esophagitis, Zolllnger-EUison syndrome etc. 

The sulfur atom in the molecule of pantoprazole is a stereoisomeric center. 
Therefore, pantoprazole is a receraic mbcture of laveno(-) and dextral(+), i.e. S(-) and 
R(+) type enantiomers. and the sahs thereof also have the rorresponding 
configurations. Likewise, the chiral pantoprazole salts of the presem invemion are an 
mhibitor of proton pump and are used in the treatment of diseases related to gastric 
acid secrection disorder, such as gastric ulcer, duodenal ulcer, reflux esophagitis 
Zollmger-Ellison syndrome etc. A preliminary pharmacological test result shows thai 
the salts of S(.)pantoprazole have better effect than the racemate of pantoprazole in 
mmbitmg the secretion of gastric acid. 

The process for the preparation of single enantiomer of pantoprazole is 
descnbed in WO92/0871 6 and W096/27989. 

^® "^^^""^ WO92/087I6 is resolution, while the method used in 

W096/27989 is chrial oxidation. 

Discrintion nf the inwntinTT 

The S(-)pantoprazole and R(+)pantoprazole in the present invention are 
obtamed by chiral oxidation in the preseace of Sharpless reagent with chloroform or 
acetomtnle as solvent; S(-)pantoprazole or R(+)pantoprazole is reacted with 
potassium hydroxide, potassium carbonate, potassium methoxide. potassium ethoxide 
and potassium isopropoxide respectively to obtain S(-) potassium pantoprazole ( I ) o^ 
K(+) potassium pantoprazole( II): 
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S(-)pantoprazole or R(+)pautoprazole is reacted with sodhim hydroxide, 
sodium methoxide, sodium ethoxide and sodium isopropoxide respectively to obtain 
S(-) sodium pantoprazole(III) or R(+) sodium pantoprazole(IV): 

S(-)pantopra2ole or R(+)pantopra2ole is reacted with magnesium lower 
alkoxide, such as magnesium methoxide or magnesium ethoxide respectively to 
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obtain S(-) magnesium pantopra2o)e(V) or R(+) roagnesium pantoprazole(VI), or 
S(-) potassium pantoprazole ( T ) and S(-) sodium pantoprazole(III) or R(+) 
potassium paiitoprazole( II ) and R(+) sodium pantopra2ole(IV) is reacted with a 
magaesium source such as magnesium chloride, magnesium sulfate, or magnesium 
acetate etc. to obtain S(-) magnesium pantoprazole( V ) or R(+) magnesium 
pantoprazole(VI): 
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S(-) Potassium pantoprazole ( I ) and S(-) sodium pantopra2ole(III) or 
R(-+-) potassium pantopra2ole(II) and R(+) sodium pantopra2oIe(lV) were reacted 
with a calcium source such as calcium chloride, calcium acetate etc. to obtain S(-) 
calcium pantopra2oIe(VIl) orR(+) calcium pantopra2ole(V|iI); 



S(-) Potassium pantoprazole ( I ) and S(-) sodium pantoprazole(III) or 
R(+) potassium pantopra2ole(II) and R(+) sodium pantopra2ole(IV) were reacted 
with a 2inc source such as zinc chloride, zinc acetate etc. to obtain S(-) anc 
pantopra2ole(IX) or R(+) zinc pantoprazole( X ): 
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The solvent used in the reaction is methanol, ethanol, isopropanoi or 
acetone; the temperature in the reaction is from O'C to the boiling point of the solvent 
used, 20-40'C is preferred. 

The advantages of present invention are: the present invention provides 
new sah structures of pantO{H-azole, which can be used as inhibitor of proton pump in 
the treatment of diseases related to gastric acid secreciion disorder, fiirtheiinoie, it is 
promising to develop new combination of drugs acceptable in treatment from the 
present invention. The process of preparation in the present invention is simple, easily 
operable, and suitable for industrial production. 

Examples- 
Example 1 : 

Synthesis of S(-) Potassium pantoprazole ( I ) 

3.83g(10mmol) of S(-)pantopra2ole were mixed with 40ml of acetone at 
351c and a solution of 0.68g(10mmol) of potassium hydroxide in 3ml of methanol 
was added dropwise, after 3 hours of stirring , the mixture was cooled to 5'C and 
filtrated by suction, the produa collected was dried in vacuo at 80'C, 3.6g of S(-) 
Potassium pantoprazole were obtained as white crystal, yield: 82%. 

Example 2: 

Synthesis of R(+) Potassium pantoprazole (II) 

3.83g(10mmol) of R(+)pantoprazole were mixed with 40ml of acetone at 
35*C and a solution of O.$8g(l0mmol) of potassium hydroxide in 3ml of methanol 
was added dropwise, after 3 hours of stirring , the mixture was cooled to 5*C and 
filtrated by suction, the product collected was dried in vacuo at 80'C. 3.5g of R(+) 
Potassium pantoprazole ware obtained as white crystal, yield; 80%. 

Example 3: 

Synthesis of S(-) sodium pantoprazole(IIl) 

38.3g(0.1mol) of S(-)paotoprazole were mixed with 400ml of acetone at 
35*C and a solution of 4.0g(0. Imol) of sodium hydroxide in 10ml of water was added 
dropwise, after 3 hours of stirring , the mixture was cooled to 5*0 and filtrated by 
suction, the product collected was dried in vacuo at 80'C. 36g of S(-) sodium 
pantopra2ole(containing one molecular of water) were obtained as white crystal, yield 
85%. [a]o»'.i24.0(acetonitiile:methanol=l:l). 

Example 4: 
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Synthesis of R(+) sodium pantoprazoie(IV) 

38.3g(0,lmoi) of R(+) pantoprazole were mixed with 400ml of acetone at 
3 S 'C and a solution of 4.0g(0. Imol) of sodium hydroxide in lOml of water was added 
dropwise, after 3 hours of stirring , the mixture was cooled to 5Xi and filtrated by 
suaioa, the product collected was dried in vacuo at 80X1, 36.2g of R(+) sodium 
pantoprazole(containing one molecular of water) were obtained as white crystal, yield: 
86%, [ a ]D2«'+i21.6(acetonitrile:methanol=l:l). 

Example S: 

Synthesis of S(-) magnesium pantoprarole( V ) 

0.24g(0.01mol) of magnesium was added lo 2Sml of methanol, after being 
refluxed for 90 min with stirring, the mixture was cooled to room temp^ture, 
7.7g(0.02mol) of S(-)paniopra2oIe were added and reacted for 2 hours, thereafter, the 
mixture was filtered to remove the insoluble substance ,75ml of water was added into 
the filtration slowly before another 3 hours of stirring, then the mixture was cooled to 
5'C, filtrated by suction . the filter cake was washed with 60ml X 3 of water, dried in 
vacuo to obtain T.Og of S(-) magnesium pantoprazole, yield: 88%. m.p. : 168-170 "C. 

Example 6: 

Synthesis of R(+) magnesium pantoprazole(VJ) 

0.24g(0.01mol) of magnesium was added to 25ml of methanol, after being 
refluxed for 90 min with stiixing, the mixture was cooled to room temperature, 
7.7g(0.02mol) of R(+) pantoprazole were added and reacted for 2 hours, thereafter^ 
the mixture was fihered to remove the insoluble substance, 75ml of water was added 
into the filtration slowly before another 3 hours of stirring, then the mixture was 
cooled to 5'C, filtrated by suction . The filter cake was washed with 60ml X 3 of water, 
dried in vacuo to obtain 6.8g of R(+) magneshim pantoprazole, yield: 86%. m o 167- 
169'C. 



Example 7: 

Synthesis of S(-) magnesium pantoprazole( V ) . 

42.3g (0. lmoI)of S(-) sodium pantoprazole monohydrate were dissolved 
into 150ml of water, a solution of 10.8g(0.05mol) magnesium acetate in 30ml of 
water was added with stirring, after being stirred for 60min, the mixture was cooled to 
lO'C, filtrated by suction, the filter cake was washed with water, and dried, 35.5g of 
S(-) magnesium pantoprazole were obtained as white powder, yield: 90%. 

Example 8; 

Synthesis of R(+) magnesium pantopra2oie(VI) 

42,3g (0.1mol)of R(+)sodium pantoprazole monohydrate were dissolved 
mto 150ml of water, a solution of 10.8g(0.05mol) magnesium acetate in 30ml of 
water was added , after being stirred for 60min, the mature was cooled to 10 
"C, filtrated by suaion, the filter cake was washed with water, and dried, 35.6g of 
R(+)magnesium pantoprazole were obtained as white powder, yield: 90%. 
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Example 9: 

Synthesis of S(-) calcium paiitoprazole(Vf() 

4.23g(I0mmol) of S(-) sodium pantoprazole mooohydrate were dissolved 
into ISOral of water, a solution of 0.56g(5mraol) calcium chloride in 5ml of water was 
added with stirring, afer being stirred for 60min, the mixture was cooled to 10 
'C, fjkrated by suction, the filler cake was washed with water to the extent that there 
is no chloride ion in the filtration, and dried, 3.6g of S(-) calcium pantoprazole were 
obtained as white powder, yield: 85%. 

Example 10: 

Synthesis of Rj(+) calcium pantoprazoleOl) 

4.23g (lOmmol) of R(+) sodium pantoprazole monohydrate were dissolved 
into 1 50ml of water, a solution of 0.56g(5mmol) calcium chloride in 5ml of water was 
added with stirring, afer being stirred for 60min, the mixture was cooled to 10 
'C, filtrated by suttion, the filter cake was washed with water to the extent that there 
is no chloride ion in the filtration, and dried, 3.4g of R(+) calcium pantoprazole were 
obtained as white powder, yield: 81%. 

Example 11: 

Synthesis of S(-) zinc pantoprazole(IX) 

2.1g (5mmol)of S(-) sodium pantoprazole monohydrate were dissolved 
into 150ml of water, a solution of 0.62g(5mmoi) zinc acetate in 5ml of water was 
added with stirring, after being stirred for 60min, the mixture was cooled to 10 
"C, fihrated by suction, the filter cake was washed with water , and dried, 2. Ig of S(-) 
zinc pantoprazole were obtained as white powder, yield: 90%. 

Example 12: 

Synthesis of R(+) zinc pantoprazole(X) 

2.1g (5mmol)of R(+) sodium pantoprazole monohydrate were dissolved 
into t50ral of water, a solution of 0.62g(5mmol) zinc acetate in 5ml of water was 
added with stirring, afer being stirred for 60min, the mixture was cooled to 10 
"C, filtrated by suction, the filter cake was washed with waer , and dried, 2.0g of R(+) 
zinc pantoprazole were obtained as white powder, yield: 88%. 

Example 13: 

Synthesis of S(-) pantoprazole 

36.7g (0.1mol)of 5-difluromethoxy-[[(3,4-d{metboxy-2- 

pyndy])methyI]sulfinyl]-lH-benzimidazole were dissolved into 400ml of chloroform 
0. 1ml (5.8 y mol) of water, 4.4ml(0.02mol) of (-)diethyl tartrate and 3ml(0 Olmol) of 
titanium isopropoxide(IV) were added into the mixture above, after being refluxed for 
60min, 3ml(0.03mol) of triethylamine, 23ml(0.1mol) of cumene peroxide(70%) was 
added at room temprature therein, stirred for 5 hours, chloroform was recovered by 
concentrating the mixture under reduced pressure. 250ml of acetonitrile was added 
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into the residue, which was cooled, filtrated by suction and dried to obtain 27g of S(-) 
pantoprazole, yield: 70%, in.p.;144-145 "C (decomposed), [ a t**- 
1 43(acetonitrile:methanol-l : 1). 

Example 14: 

Synthesis of R(+)pantopra2ole 

36.7g(0.1mol) of 5-diflurometboxy-([(3,4-dimethoxy-2. 

pyridyl)methyl]sulfinyI]-lH-benzimidazole were dissolved into 400ml of chloroform, 
0.1ml (5.8 u mol) of water, 4.4ml(0.02mol) of (+)diethyl tartrate and 3ml(0.01mol) of 
titanium isopropoxide(lV) were added into the mixture above, after being refluxed for 
eOmin, 3ml(0.O3mo0 of triethylamine, 23nil(0.1mol) of cumene peroxide(70%) was 
added at room temprature therein, stirred for 5 hours, chloroform was recovered by 
concentrating the mixture under reduced pressure, 25bm! of acetonitrile was added 
into the residue, which was cooled, fihrated by suction and dried to obtain 26.5g of 
R(+)pantoprazole. yield: 68%, in.p.:142-144 1C (decomposed), 
[ a ]D"'+ I47(acetonitrile:methanol»l;l). 



Oaims 



I. A chrial salt of pantoprazole, which is characterized in the following 

structure: 

a. the chrial potassium pantoprazole, wherein the structures of S(-) 
potassium panioprazole ( I ) and R(+) potassium pantoprazole( U ) are as follows; 




O NT _ 



b. the chrial sodiam pantoprazole, wherein the structures of S(-) sodium 
pantopra2ole(ni) and R(+) sodium pantopra2ole(lV) are as follows: 

c, the chrial magnesium pantoprazole, wherein the structures of S(-) 
magnesium pantoprazole( V) and R(+) magnesium pantoprazole(VI) are as 
tbitows: 
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d. the chrial calcium pantoprazole, wherein the structures of S(-) calcium 
pantopTazole(Vn) and R(+) calcium pantoprazoie(Vlil) are as follows: 

e. the chrial zinc pantoprazole, wherein the structures of S(-) zinc 
pantopra2ole(TX) and R(+) zinc pantoprazole(X) are as follows: 

2. A process for the preparation of chrial sahs of pantoprazole according to 
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claim 1, which is characterized in that: 

J^^^ S(-)pantopra2ole or R(+)pantoprazole is reacted with potassium 
hydrox.de, potassium carbonate, potassium methoxide, potassium ethoxide or 
potassium isopropoxide respectively to obtain S(-) potassium pantoprazole ( I ) or 
R(+) potassium pantoprazole(n). the solvent used in the reaction is water acetone 



methanol, etlianol or isopropanol, the temprature in the reaction is from OX^tO the 
boiling point of the solveat used, 20-40'C is preferred. 

3. A process for the preparation of chrial salts of pantoprazole according to 
claim 1, which is characterized in that: 

The S(-)paiitoprazole or R(+)pantoprazole is reacted -with sodmm hydroxide, 
sodium methoxide, sodium ethoxide and sodium isopropoxide respectively to obtain 
S(-) sodium pamopra2ole(in) or R(+) sodium pantoprazole(lV), the solvent used in 
the reaction is water, acetone, methanol, ethanol or isopropanol, the temprature in the 
reaction is trom O'Cto the boiling point of the solvent used, 20-40 "C is preferred. 

4. A process for tbe preparation of chrial salts of pantoprazole according to 
claim 1, which is characterized in that: 

a) The S(-)pantoprazole or R(-(-)pantoprazole is reacted with m^nesium 
lower alkoxide, such as magnesium methoxide or magnesium ethoxide respectively to 
obtain S(-) magnesium pantoprazole(V) or R(+) magnesium pantoprazole(VI), the 
solvent used in the reaction is methanol, ethanol, ' isopropanol or acetone, the 
temprature in the reaction is from O'C to the boiling point of the solvent used, 20-40 
XI is preferred, 

b) S(-) Potassium pantopras)le ( I ) and S(-) sodium pantoprazole(III) or 
R(+) potassium pantoprazole(II) and R(+) sodium pantoprazole(IV) are reacted with 
a magnesium source such as magnesium chloride, magnesium sulfate, or magnesium 
acetate etc. to obtain S(-) magnesium pantoprazole( V ) or R(+) magnesium 
pantoprd2ole(VI), the solvent used in the reaction is water, methanol, ethanol or 
isopropanol, the temprature in the reaction is from O'C to the boiling point of the 
solvent used, 20-40X3 is preferred. 

5. A process for the preparatbn of chrial salts of pantoprazole according to 
claim 1, which is characterized in that: 

S(-) Potassium pantoprazole ( I ) and S(-) sodium pantoprazole(III) or R(+) 
potassium pantoprazole(n) and R(+) sodium pantoprazole(TV) are reacted with a 
calcium source such as calcium chloride, calcium acetate etc. to obtain S(-) calcium 
pantoprazoleCVll) and R(+) calcium pantoprazole(VlD), the solvent used in the 
reaction is water, methanol, ethanol, isopropanol or acetone, the temprature in the 
reaction is from OV to the boiling point of the solvent used, 20-40'C is preferred. 

6. A process for the preparation of chrial salts of pantoprazole according to 
claim 1 , which is characterized in that: 

S(-) Potassium pantoprazole ( I ) and S(-) sodmm pantoprazole(ni) or R(+) 
potassium pantoprazoIe( II ) and R(+) sodium pantoprazole(IV) are reacted with a zinc 
source such as zinc chloride, zinc acetate etc. to obtam S(-) zinc pantoprazole(]X) and 
R(+) zinc pantoprazole(X), the solvent used in the reaction is water, methanol, 
ethanol, isopropanol or acetone, the temprature in the reaction is from OV to the 
boiling point oftiie solvent used, 20-40 'C is preferred. 
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7. A chiral salt of pantoprazole according to daim 2, 3, or 4, which is 
characterized in that: a new process for the preparation of S0pantoprazoie and 
R(+)pantoprazole in the preparation thereof is used, in which chloroform or 
acetonitrile is used as solvent. 

8. a chiral sah of pantoprazoie according to claim 1, which is characterized 
in that: it can be used in combination with other drugs acceptable in treatment for the 
preparation of medicaments treating gastric ulcer, duodenal ulcer, reflux esophagitis 
and Zollinger-EUison syndrome. 



Abstract: 



The present invention relates to an antiulcw drug, the laveno(-) and 
dextral(+) enantiomer salts of ( ± )5-difluromethoxy-I[(3,4-d»methoxy-2- 
pyridyl)meihyl]suifinyl]-lH-beiizimida2ole, that is the S(-) potassium pantoprazole, 
S(-) sodium pantoprazole, S(-) magnesium pantoprazole, S(-) calcium pantoprazole, 
S(-) zinc pantoprazole and R(+) potassium pantoprazole, R(+) sodium pantoprazole, 
R(+) magnesium pantoprazole,. R(+-) calcium pantoprazole, R(+) zinc pantoprazole. 
This invention also provides a new process for the preparation of S(-)pantoprazole 
and R(+)pantopra2ole, which is obtained by chiral oxidation in the presence of 
Sharpless reagent with chloroform or acetonitrile as solvent, followed by rim reaction 
with potassium hydroxide or potassium carbonate etc. It's promising to develop new 
drugs useful in the treatment of diseases related to gastric acid secretion disorder from 
this invention. 
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mE^nm^. m&TmRMmmmejs^. m-. s6%o mp: 

l<»7'-169'Co 

s (-) ^fit^mm (V) fifj-^^ 

3f^42Jg (O.lmol) fttlS (-) m^m-^-^m'flSQmLT^^. 

mWTMAlO,Sg (0.05mol) ZLSt^gf^ 30mL ffi#60*#, 

y^^SlOt;, m ;!|Ci5fe, m ^fif^^&^S (-) ^Jj^lEfel!!^ 35.5g, 
iBC^: 90%o 

R (+) ?i^iejfei^fi (VI) 

:|fF423g (0.1mol) (+) |5f*Efe!«^--;|C-^«l«^150iiiL;(fCt, 
iPAl0.8g (0.05inol) Z.KilifT30iiiL7Kft«l?&JB[, 60 

101C, m m m ^e^i^^icR (+> ^%mm3s.6g. m-. 

90%, 

s (.) P^mm (vn) 6(1^^ 

^4.23g (lOmmol) fitl S (-) ?f^^l^^-;?K-^i^T 150mL7ic4', 
t#TiqA 0.56g (Sminol) mfl^ 5mL 60 j^^. 

fefeli^3.6g, 85%. 
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R (+) pf^ntk.m^ (\m) tfy^^ 

^ 4,23g (lOmmol) W R (+) ^l^fB^I^t^-^^C-^i^JS^ ISOmLzlC't', 
It^TiPA 0.56g (Smmol) ft^fcm^^ SniL T^i^mm, BW 60 

mm 101C, m »fife»*R (+> 

#je^li^3.4g, 81%. 
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(IX) m R (+) ^^^e^n*^ cx), Si3t^^j^7jc> ¥0. 
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